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A NOTABLE ACCOMPLISHMENT 
IN INDUSTRIAL CONTROL! 


PLEASING IN APPEARANCE - ADVANCED IN DESIGN 
PRECISE{IN PERFORMANCE 


Designed for dependability, ruggedness and operating convenience—the new Model 9-TIC, 
TAG INDICATING CONTROLLER is presented in a stout, weather-proof, aluminum case— 
beautifully finished in black enamel and chromium. 

The distinctive modern style of this new instrument is in pleasing agreement with the ad- 
vanced principles and approved standards of TAG Air-operated Control which has served 
industry so successfully for many years. 

All the latest TAG developments, including the Interchangeable, Calibrated Tube System 
that can be replaced with surprising facility, the Safety Link for range protection, Pointer Arm 
Brackets with bearings at each end, all important parts made of stainless steel and many other 
refinements you would expect to find in a TAG Instrument are present in this reliable Indicat- 
ing Controller. 

There's a new Bulletin No. 1175-I which describes both the "On-Off" and Throttling models 
in this TAG Indicating Controller line . . . we will be pleased to send it to you upon request. 
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W I'VH the G-E network analyzer you the surge of lightning and the tric 


can represent the lines, equipment, na vacuum. They have been used to 
and power conditions of the largest utility company exactly and to unscramble and to 


and make calculations involving an entire power waves. li 


system. You can determine how your system can fill every application, tl 


best take on new factory loads. You can even find recording instruments t 


out what will happen to breakers at Substation B resistance, tts, frequet 
when there’s a short circuit on Feeder 15 
G-E instruments 

And for your smaller measurement problems ther thousands, but in 


acc! 


is a variety of G-E instruments. You can measure only one standard 
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the simplest circuit or the smallest quantity [hat is why Genera 
Furthermore, each G-E instrument has been espe en, ae 
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| mn. manufacturer of electri 


In application, G-E instruments have measured 0 vears, General Electr 


HEADQUARTERS FOR ELECTRICAL MEASUREMENT 


GENERAL @ ELECTRIC 


430-106 














SLIDING CONTACT 
RHEOSTATS 


EVERY TURN OF THE WIRE 
A STEP OF CONTROL 


For Product Testing, Instrument Calibration, Lab- 
oratory Research and Development, for every 
operation that requires a fine continuous control 
of current and potential, you will find the Ward 
Leonard Sliding Contact Rheostat an ideal instru- 
ment. The sturdy construction makes them suit- 
able for shop as well as for laboratory use. Vari- 
ous sizes and ranges are available for currents up 
‘o 25 amperes and voltages within their ratings, 
in vertical, horizontal and back-of-panel mount- 
ings, with or without micrometer drive. Send for 


Bulletin 8001. 


WARD LEONARD 


ELECTRIC CONTROL DEVICES SINCE 1892 


WARD LEONARD ELECTRIC CO. 
38 S< uth St Mt. Vernon. N. Y 
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I N rHis ISSUE 


wer Superintendent Dulmage con 
es his series of five articles on 
t instrumentation of Ford Power 
Plant No. 1 at Dearborn. It is hoped 
that his articles will inspire more in- 
lustrial bigwigs to adopt Ford meth 
is, and it is certain that such adop- 
will benefit management, work- 
ind the general public. 


“Judge” Staples they call him, but 
fascinating description of how to 
a temperature test entitles him 

be called “Team Captain” Staples. 


rhe importance of elastic properties 

vith regard to hardness measure 
nts has long been suspected. Pro 
or Williams begins a_ thorough 
cussion of this subject. Don’t as- 
ne that you can skip it as too ele 
tary for you! 


NOT in this issue: Solutions and 
discussions of Instrumentation Forum 
Problem No, 20. Again a “judge” to 
whom we “passed the buck” finds it 
necessary to study closely the thir 
een solutions and discussions before 

ding which he will adopt. (Yes, 

udge is the inquirer!) 


THE FRONT COVER 


ws the Main Switchboard which 
W. W. Dulmage describes in detail on 
es 217-218. 


“When’s that electrical instrumenta- 
on book coming out?” many of you 
asked. Some of you remind us 
astically that when it began to 
pear serially, in 1934, a footnote 
mised that it would be issued in 
form in 1936. Well, the serial 
intil 1937 and... it hasn’t con- 
ided! The concluding chapters are 
ys the toughest—especially when 
ernmental, engineering and other 
€s Increase their demands on one’s 
but with a distinguished expert 

Pe ry Borden as collaborator, 
mentor and source of inspira- 
we'll try to ignore that there 


168 hours in a week. 








INSTRUMENTS The Magazine of 
> | MEASUREMENT and CONTROL 








Open Letter to the President 


Honorable Franklin D. Roosevelt 
The White House 
Washington, D. C. 


Dear Mr. President: 

Some commentators assert that you have had trouble get 
ting facts and true pictures of situations (other than politi 
cal), because most of the so-called experts who have been r 
porting to you don’t tell you the truth or tell you only what 
they think you'd like to hear. It probably isn’t as bad as all 
that. We Americans are outspoken and plain speaking and it 
is a reflection on our national character to imply that the of 
ficials and the hundreds of representatives of business, indus 
try, science, education, agriculture, etc., who report to you are 
tricky rascals. Nevertheless, it would seem that in some 
stances where vou have appointed eminent non-technical citi 
zens to investigate complicated situations, and where thes« 
prominent men appointed subcommittees which in turn em 
ploved specialists, the summarized reports did not accuratels 
represent the detailed body of data but expressed to a certain 
extent the preconceived notions of those who signed the ) 
ports. | believe that a case in point is: 

Technological Trends and National VPotiey: Ineluding the Social 
Implications of New Inventions. t f tl ! t 
‘echnology (W. F. O Cc. M 
“ 

which received a great deal of newspaper publicity a vear ago 
The publicity was given to the brief findings and recommen 
dations of Messrs. Ogburn, Merriam and Elliott—who vearn 
for a planned technology, who want to control inventors and 
ngineers—not to the enormous mass of data contained in the 
body of the book. Just a vear ago, resenting this attack on 
wealth-creating technology, I declared in this column (1) that 
planning the advance of technology means hampering it; (2) 
that it would cripple industry to have new methods and new 
devices passed upon by any dictatorial board in Washington. 
| have recently finished reading the entire book and I tak: 
the liberty of suggesting that vou skip pages 1-66 which end 
with praise of totalitarianism and conde mnation of capitalist 
and that vou read (or have an enginecr of your acquall 
read and summarize for you) pages 67-388. I make bold to pr 
dict that vou will reach the conclusion which this magazine |} 
summed up in the slogan repeatedly printed on this pag 
ing the last few vears: “Automaticity MAKES Jobs?” 
Or else, Mr. President, eall into vour office the technica 
thorities who contributed to pages 67-388—especially Hat 


Howe. David Weintraub, A. A. Potter, A. W. Cruse and othe 


+ « 


with technological experience. 


’ ot 117]] 11} 
Respect ull ul 
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Tube Tester 
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In this department we strive to re- 
port each month ALL the new devices 
for measurement, inspection, testing, 
metering and automatic control—in 
the form of concise technical descrip- 
tions. 

When 
directly, please mention this depart- 


writing to manufacturers 

ment as your source of information. 
Or write to Information Section, 

Instruments Publishing Company. 








Time-temperature 
Cycle Control 
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Electronic Weldi 


Contactor 


For elding mild stee 


ther readilv-welded metals, ne 
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ng transformers, 
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ith existing tim 
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ng uniform welds, 
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contacts, 1s ul 

ible in ratings 
roughly equi ilent 
mip ‘onventional 


elding contractors, with either 
oft ol continuously Dumped | 
tubes Westinghouse Ile Vi 


Kast Pittsbu Pa 


Automatic Gas Pilot 
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re: absolute reliability of 
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Industrial Capacitors 


New “Type JDE” electrolvtic « 
tors for motor-starting and = other 


ipplications ine 
hermetic ly sealed 
in Jon K-S¢ immed lu 
nun contammers, 
ire equipped with & 
Bakelite erminal \eRy, 4 
block having two ss 
qummy scre\ Ter Dr 
miinals irranged 
for convenient he 
irll ( motor, 
line nd thermo 
stat, in retrigerator ippieations 


designed for operation involving a} 
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Vacuum... . 
Thermocouples 
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Ranges from | milliampere to 10 
amperes, in either contact or sep- 
srate heater types. Prices from 
$3.00, quantity discounts. 


Write for Bulletin ‘ A” 


AMERICAN 


Electrical Sales Co. Inc. 
67 E. 8th St. New York, N.Y. 




















Sale s Mean Jobs” 


WHEELCO 
Portable Potentiometer 


with removable cover 


. l lesigned for field nd 


Write for Catalog "'G 


Wheelco Instruments Co. 


1933 So. Halsted St. Chicago, Ul. 











Ring-balance Flowmeter 


Particu irty suitable for meter 
iIses t pressures 


ind-flost | tubes, this 
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Metal-clad Micro Switch 
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POLARIZING 
MICROSCOPES 


For every ty pe 





of routine ane 


research investigations of min 


erals 
\ most complet line of 
petrographic microscopes as 


well as thet 


accessories for! 


mineral idenufication, from the 


simplest mode 


ls to 


( laborate 


stands, such as the well-known 


model “SY 


rotation for the 


Accessories 


like 


nicol 


with synchronous 


prisms 


Fedorow 


Stages, Integrating Stages, Slit 
M1< ro-Photome EC ES. Berek 


( ompensators, 
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FOSCO pe . 
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Fluorescent Tube 
Lighting Fixture 


Photoelectric Relay 





NEW Universal 
HAND TACHOMETER 





Measures any speed from 30 to 
10,000 rpm. (25 to 30,000 r.p.m 
also available). 

Only three ranges. Pointer turns 
twice around dial 

Equivalent to a. six-range tach 
ometer 

Operates on centrifugal principle 
Direct-reading. Accurate. Dead beat 
New mechanical features. 


i ef Bulle 157 IT and 


JAMES G. BIDDLE CO. 


ELECTRICAL < RINSTRUMENTS | 





1211-13 Arch STREET \~ PHILADELPHIA. Pa 





shipped from the tactory con 


tions. Grounded aluminum case 
ective shi lding iwainst 


tic fields. ‘Terminal is i 


‘or permanent or temporary 


with bridges or other apparatus req 








external galvanometer, me 
photoelectric contact-makineg 
meter actuates control circuits o1 
operates from 60-cyele supply as t 
nometer mirror reflects 

















100 Standard Models of 
Registering Instruments 


Among Durant Productimeters for 
registering strokes, revolutions, or 
lineal measure can be found 
the right instrument for almost 
any requirement in counting Or 
measuring 


Ask our field or factory engineers 


for recommendations on any new 
~ ~ . }! - " 
r special counting problems you 


may have 


Productimeters 


ui THE SPEEDOMETERS OF INDUSTRY | 


DURANT MFG. CO. 


) N. Buffum St., Milwaukee, Wi 
Eddy Street, Providence, R. I 
é Offices in all principal citie 


TELL US WHAT YOU WANT TO COUNT 


Wn Upon a se ile where two adj 





un for anv desired values pre-st 


external knobs and indicated by pou 


ich) = phototube wtuates an electt 
equipped with an s-p.d-t. co 
contacts are rated 1 amp., 115 


microvolts per division being 


thermocouples, radiation receivers 
other weak-output primary elemet 
bridge circuits for measurement 


mce:s Tor production testing 


electrical machinery: in circuits 


urement and control of light, vis¢ 





or pli: and for mereury-vapor 0! 
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can be seen under all cor 
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turbed when unit is moved 
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operation, ground case, ener 
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parent plate permitting 


Contact-making 
Galvanometer 


ms in factory or laboratory, 


otubes, one controlling hi 
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Rawson 
win Multimeter 





9 ranges in less space than any near 
equivalent combination— 
syel2 x6 x6 
RANGE OF MEASUREMENTS 


List Price $165.00 
e Rawson measuring instruments are the 
ly ones having two pivot movements whose 
weight is lifted from jewels when clamped for 
transit Electrical clamping does not accom- 
plish this purpose 


Rawson Electrical 
instrument Company 


110 POTTER ST CAMBRIDGE, MASS 
Branch: 91 Seventh Ave., New York City 


Representative: E. N. Webber 
1313 W. Randolph St., Chicago, Ili 
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AMSLER 





EXTENSOMETER 


FOR ROUND AND FLAT SECTIONS 


reading to: .0002” 
range: Oto.12” 
gage: 2to 10” 


isk for leaflet No. 
Many Other Types—Optical and Mecha 


IHERMAN A. HOLZ 


Complete Line of Amsler Machines 
For All Tests of Materials 


67 E. 33rd ST. NEW YORK 








Contour Measuring 
Projector 
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magnification of LO measurements ¢ 
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Screen size is) IS Focusing IS electri 
drive Magnifications vallable rane 
from 10 to LO 
measuring accessories permit O° OF right 
ind left motion ind } ot back ind 
both to 0.0000] Bausel 


Cross-slide table 


front motion, 
: Lon Optical ¢ St. Pau S 


Rochester, N. J 


Micrometer- “comparator 


In nev Indicating Micromete 
Comp rator, all gears ind racks | ( 
been eliminated from = indi or mechat 
ISTI: snite edu lever tvpe IS Used 
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MOISTURE 
TESTER 
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FOR BOTTLED GAS 
AND OTHER 
LIQUEFIED GAS PRODUCTS 





sx 


The moist ure content of gas pass 
ing through the Tester is shown 
by the color of indicating car 


tridge 
Described 1n Catalog N« 


THE REFINERY SUPPLY CO. 


621 E. 4th St. Tulsa, Okla 











SHALLCROSS 


Resistors, Switches 
and Instruments 





SHALLCROSS MFG. CO. 


COLLINGDALE, PA 
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5000-volt Indoor 
Current Transformer 
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S-M-0-0-T-H 
VOLTAGE CONTROL 
for A.C. circuits 


The Type ‘'TH" Transtat is the new 
continuously variable auto-transformer 
regulator ... the ideal voltage con- 
trol for a.c. circuits. It offers high ef- 
ficiency, good regulation, great flexi- 
bility and dependable construction at 
moderate cost. Standard types are 
available for controlling voltage to 
single- phase and polyphase loads 
rated 10 Kva. and smaller, 50 or 60 
cycles, 115, 230 or 460 volts. May we 
send you bulletin 51-1 which contains 
complete data? 


RANSTA 


LTAGE REGULATORS 


AMERICAN TRANSFORMER CO. 
178 Emmet St. Newark, N. J 


















BAILEY 
BOILER METER 


@ This dependable and accurate guide t 
maximum combustion economy is easily under 
stood and followed by operators. It indicates 
record and integrates Steam Flow from the 
boiler, records Air Flow supplied for combus 
tion, and records Flue Gas Temperature 

Best combustion efficiency is secured by 
keeping Steam Flow and Air Flow pens together 





2 » records coincide one upon the other 
The record of flue gas temperature when com 
pared with that of Steam Flow shows the condi 
t of baffles and tubes, and indicates heat 
) ption efficiency 
The Bailey Steam Flow-Air Flow Boiler Meter 


reduces fuel costs, lessens maintenance and 





utage, lowers standby costs and adds capacity 
It is suitable for boiler plants operating units 
£100 h.p. or more fired with stokers, pulverized 

al, gas, oil or other fuels 

In order to obtain the maximum benefit fron 
the Bailey Boiler Meter, it should be made an 
integral part of a Bailey Combustion Contr 
System so that mbustion losses are aut 
matically rrected for even as they tend t 
appear 

For further details, refer to Sweet's Engineer- 
ing Catalog or send for a copy of bulletin No. 46. 


BAILEY METER COMPANY 
1041 IVANHOE ROAD . CLEVELAND, O. 
Bailey Meter Company Ltd., Montreal, Canada 
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Piston-ring Teste 


Entirely new method ce 
\. Amsler in Switzerland is « 
new “] ype K337" tester sai 


first in which the ring is close 





by virtue of constant bending 
distributed over entire circu 
ind in which friction effects 
ble. Different measuring range 
vided for different piston size 
Cal be calibrated (ZUICKIN 
futablv.” \ ring can be tested 
ture point and then its broke 


be tested individuaily in either 
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AC _URATE CONTROL 
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FLECTRICAL MODEL 


The sensitive galva- 
nometer detects the 
slightest change in rate 
of fluid flow, unat 
fected by friction or 
variations in voltage 
or frequency. Can be 
installed any distance 
from pipe line The 
mechanical model de- 
velops an extremely 
high torque, is accu- 
rate in design, simple 
ind rugged in con- 
struction 
ORIFICE METERS AND TYPE |! 
WEIR METERS 

he same Cochrane accuracy and sim 
ind are highly regarded by users for 
rticular applications 


Write for Publication Nos. 2092, 2094, 2096 


COCHRANE CORPORATION 
3120 WN. 17th St. Philadelphia, Pa. 





14NICAL MODEI 








FOR ACCURATE 
GAS ANALYSIS... 














HAYS Portable Combustion 


fest Sets are in high favor with trav- 
ng engineers. The one shown above 
cludes a 8-unit gas analyzer (COs, 
and CO), a metal armored flue gas 
ermometer and a Dry Type Draft 
ige. Each unit may be used _ inde- 
dently of the others. The Hays is 
vn as the “world’s fastest Orsat”’ 
mplete analysis within 3 to 4 min- 
Extremely accurate, sturdy in 
nstruction, compact in size. Many 
er types available. Send for Cata- 
38-323. Write Dept. 11-9-8. 


JAYS CORPORATION 


. 
MICHIGAN CITY. INDIANA.USA 











Flow-rate Indicator 


Klectric contact, for sig 
matic-control purposes, is optior ( 
ment on new Permutit Rate | 
dicator lilustrated ith cover rer 





Essentially it is a differential manon 


eter for use with an orifice plate or other 


primary element in pipe line. Responsive 
element is pair of metallic bellows wit] 
outer ends rigidly ittached to br 
body and inner ends to transmitting rod 
of magnitving linkage Two it rays 
formed in the brass body itself, prevent 
liquid reaching bellows nad et s sedi 
ment Chambers. Available models include 
Orne with i zero-center scale, indieati 
directior iS vell is rate, To! softener 
filters, ete The Permut 
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Time-cycle Controller 
“Bumping” Feature 


Automatic “bumping” of platen pres 


shigh open everal times hevl 
ning Tie rend Ccuril CVC re 
CuLSE enty red l ( Con 
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pneumatic time-eyvele controllers. Bur 


ing operation is independent of 1 
time and press-ram travel, takes place 
only when ram pressure has built up 


i predetermined value sufficient to drive 
entrapped ur or gas to surtace ft prod 
uct where it can escape when press 

‘“oracked,” lnstrument Con 


pante s 
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We also make galvanometers, electrome 
ters, colorimeters, permeameters, Wheat 
Kelvin Resistance 


standards, coi! testers, acronographs, clip- 


stone and Bridges, 


on transfor mer ammeters. 


RUBICON COMPANY 


29 North 6th Street Philadelphia, Pa 
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CAPACITROL 


Temperature Control 
Pyrometer 


Operates on new Wheelco “Radio 
Principle.” All electrical Control 
without cams, motors or mechani 
cal parts. Its simple, rugged con 
struction provides low cost 

positive, instantaneous Control. 
With Wheelco Controllers it is 
possible to get BETTER Control 
than with ANY mechanically op 


erated instrument 
Wheelco Catalog PRICE 


$110 
WHEELCO INSTRUMENTS CO, 


1933 $0. HALSTED STREET, CHICAGO, ILL 


Sent on Request 
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Surface Temperatures 
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Moving 
Curved 
Surtases Ideal for rolls, molds, 

plates, platens and 
plastic material temper- 
atures. 

Write for bulletin 

illinois Testing Laboratories, Inc 
142 W. Austin Ave Chicago, Iilinols 




















NEW “‘ALNOR” PORTABLE 
PYROMETER 


» Shock Resisting, Float 
ing Movement Has 
5 Mirrored Scale 
Metal Case 

Writ f D 
ILLINOIS TESTING 
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metering or controlling either 








dial registers for two-rate tp} 





































time switch controls drive 








ear trains and operates oft peal 
tacts when used. In the single-dial 
ters tor 


oft peak ipplications, 


switch operates nd controls fi 
contacts Contacts may be s-p 

d-p.s-t., are clearly visible for inspe 
through side of glass cover. Con 


mechanism is mounted on a supp 


Trae provided with standard — re 


bavonets for mounting issembply 
meter frame. ‘Time switch is svnehr 
motor-operated \ sealable-serey 
permits setting switch time witl 
moving lass COVE. Westi thous 
VWta. Ce Kast Pittshurah, P 


Fatigue Tester 


Kintirely 1 elaborate, “Ray 
fativue testing machine takes speci 

l diam. or thick, 17 to 37 
flat stock to 5 wide, vibrates a spe 
vn frequency specime! 


upported it nodes load 1S 





ends bv electromagnets actuated fr 


oscillator unplific r on panel, 
strated) Frequency, 100-300 eps., 
controlled by specimen, so that po 


required is only that necess rv to sup 


enere’\ dissipated during stress @\ 
Auxiliary instruments and controls 
ude: cvecle count, frequency mea 
ment, operating temperature The 
decor tomatic amplit 
utomate shut-oft roverned 
Cre s¢ l eriod vhelr ( 
eSSE determi Or ot \ 
\I 1x es roboseor 
cnn : ess determin l l I 
wide indi I rhe 
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First three Sections of Main Switchboard, Power Plant No. 1 
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Ford Power Plant Instrumentation 


5—Electrical Instrumentation of No. 1 Power Plant 


By W. W. 


DULMAGE 


Power Dept., Ford Motor Co., Dearborn, Mich. 


N order to present a readable description of th 
electrical instrumentation in No. 1 Power Plant, we 
shall refrain from giving methodical tabulations as 
did in the preceding articles. The reason is obvious: 
is the great number and variety of electrical instru 
ents, meters and telemetering systems; as well as of in 
trument-like regulators, relays and other devices which 
nbody electrical measuring elements and are therefor 
interest to Instruments readers. 
Without wishing to indulge in the sensational jour 
ialism style, IT may mention that if the electrical instru 
ntation of No. 1 Power Plant had been delivered in 
shipment, the cases, crates and cartons would have 
led three standard freight cars—possibly four! Di 
led inventories would fill several pages—which no 
viv would care to read. For the convenience of the 
ders, therefore, we shall simply divid 
etrical instruments, meters, ete.. into three obvious 


UpIMgs: 


| Those hich are concentrated on the Main Swit 
2 hose whieh are permanently installed else ere 
; Lhe portable Instruments, shunts, et 


1) MAIN SWITCHBOARD 


his orde rly array of electrical devices, and its ap 
irtenances, corresponds fairly closly to the equipment 


{ twa | 


t Load Dispatcher’s Department in the central sta 


tion of a publie utility. Its functions are similar in kind 


nd degree: in kind, because load peaks and valleys 
ust be handled with optimum economy combined with 
nfailing service to all “customers”; in degree. because 
capacity of No. 1 Power Plant is 
lore than sufficient to supply “juice” to a city of 
0,000 modern electrified homes all fully equipped with 
dios, electric washing machines and other appliances. 


Che Main Switchboard consists of four separate an 


listinect boards. (The letters correspond to those on 


°. | and Fig. 2) 

\ The T le phone Desh whereby we Can commu} 
with all main operating and power distribution 

Power House and local Ford 


nts. ‘This is a magneto tv pre telephone svsten ind 


ints throughout the 
h this all parts of the svstem can be inter-con 


> ryyy y ry | | 
B The (Control D: s}, b; wir function of his boar ‘ 


Trequency, load 


distribution and service to feeder circuits. Exeit 


adjusted to maintain correct generator voltage 


times. Machine frequency and individual 


distribution is maintained by the control of mot 
ited governor on each machine, and service to Sub 
tions through oil circuit breakers a 13800 vol 
board is laid out in mimic bus with cor Wit 
indicating lights arranged to present to the ope 


exact duplicate of actual installation 


It is worth noting the method of control ex 


thie pre rators on. thre Swit hboard Wer ven 
Ings. The main Operating governor Of the turbin 
the centrifugal (Vp . driven by the turbin stad 
i worm gear It Is provided with i d-« 
synchronizing device for controlling th sp 
the switchboard while running and. wit 
disturbing the operation of thr Phe 
SVE hronizing mechanism sad qu it » ants 
frequency at ill loads under stea cond yn 
yr each engin 
Every function initia 1 n this cont 1eSk 
ited » th rs \ es 1 
( The In ting Met S | 
vides an 2¢ ndica ! ey ) Kc 
r Cire 2 nal WS An | 
i the cul nt flow. Vo { t 
ind generator \ ig | q | 
sVstt frequency B 110.000-kw 
s really four generators ne Ww 
powe! I t ‘ Wil 
1) rto he wind uy | \ ee 
rected in g ps of two | j 
where W ru ‘ v 
Kacl | S 
lieate power and How 
In o \l Sv : 
5 nd . 
nsi ) | | 
1) (y hi \ 
S | 
wil 1 g 
led w < ‘ 
j | 
\N S 


generat 

























































, , 
control this is cor indicating meter 


Relavs are connected to gen 


for operating information 
erator circuits, Dus sections ind outgoing feeders to pro 
it 1 continuous protection against electrical faults 
2 PERMANENTLY INSTALLED ELSEWHERI 
Manv of the electrical instruments installed elsewhere 
than on the Main Switchboard have been described in 
preceding articles and photographs have been taken 
howinyg then i ey Wer included im the preceding 


t ruse, though emploving electric-measurement 
ri} ples. they serve non-electrical purposes Exam 
) luctiy ype COz recorders, calibrated-resistor 









4. One 
the tw 
generator 
temperature 
recorder and 


signal panels 


typ Howmeters, thermoclectris CV pe temp rature record 
rs. ete pertaining to boilers, turbines, ete Some 
other electrical instrument boards were not described in 
preceding articles because they pertam to electrical 
eq pment hig. 3 shows one of these. Its purpose Is to 


prov ide continuous records of generator winding te mper 


atures. In addition, alarms are installed to notify the 


} 


unusual conditions. There are two such 


North 
the Main Switchboard and only separated therefrom by 


so that they 


oper itor of any 


boards, located opposite the and South ends of 


glass partitions, mav be said to constitute 


additional “‘wings’’ of the Main Switchboard. 
} PORTABLE ELECTRICAL INSTRUMENTATION 


Testing and checking are the principal functions of 


our large assortment of instruments. For ex 


port ible 


ample, the previously-described permanently-installed 


thermoelectric pyrometers are supplemented by portable 


thermoelectric pyrometers, some portables being used 


for occasional measurements at points not wired for re 


corders, and others being used for checking the perma 
rule, 
checked by means of a 


Many of the 


nently installed recorders. As a i panel-board re 


corde : on pre cision portable . 


potentiometer portable instruments, in 
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turn, are checked by means of precision grad 


tory potentiometers and bridges. 


An inventory of miscellaneous portable inst 


for non-electrical purposes would also bring out 


tvpes which are essentially electrical. For exam 


optical pvrometers are of the disappearing-filame 
¢-filam 


Where the temperature is read on a miniature n 


meter built into the device. 


Me ntion must ilso bye made Of numerous ene) 


! 1 
pose portable electrical instruments such as an 


with assortments of shunts, voltmeters with assort 


of decade 


voltmeters. 


boxes, as well as self-contained mul 


wattmeters, ohmmeters, meggers, et 


4 


Portable 
find 


Fig i 
instruments 
important 
efficiency 


uses If 


testing 





Io go into descriptions oft high precision laborat 
from our 


Suthee it 


instruments would mean departing assign 
subject of Power Plant 


mention that the Ford Motor Co. has standardizing 1a 


Instrumentation. 


oratories with facilities for calibrating our own Pow 
Plant Standards 


CONCLUSION 


LTHOUGH we have some reason to be proud 
A the power plant instrumentation briefly described 
these five articles, we do not wish to convey the impr 
sion that we are sitting back admiring our glittering 
strument boards and turning our jobs over to mira 
electrical brains. The caret 
that 


an automatic-control system we 


working mechanical and 


ré¢ ade r will no doubt reme mber ey ‘TY time Wwe d 


scribed mentioned 
it is provided with a master knob which can be turt 
to “Manual”. 


automatic gas-fired and oil-tired steam-heat systems t 
coal-fired; but the day of “t 


manless plant’ has not vet arrived in the field of 34 


residences—even some 


000-kw. steam power plants. Nevertheless it is equal 
true that without hundreds of accurate indicating inst 
ments, a 345,000-kw. steam plant could not be operat: 
at all; and it could not be operated safely and econ 
cally without hundreds of indicating, recording, in 
grating and automatic-control instruments suppleme nte 
telemetering systems, testing instr 


by signal systems, 


ments and—trained instrument men. 


It is true that today there are small fully 
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Temperature Testing of 


By E. I. STAPLES 


Laboratory Engineer, Westinghouse Electric & Mfg. Co., 


fuk TEMPERATURE TEST,.or heat run, is one 


of the most important to which all classes of elec 


trical machines are subjected. Its purpose is to de 
‘mine whether the apparatus will carry its specitied 
id within a temperature limit fixed by the materials 
ploved in its construction. While the procedure in 
mperature tests is governed by well established test 
yr practice, it is felt that a review and discussion of 
technique developed in our Railway Laboratory may 
t interest. 

\lthough we are not primarily interested here wit 
theory underlying temperature elevation in electrical 


iwhinerv. some of the principles mav be briefly stated 
: } | : : 


i preface for what we have to sav later. The losses 
the various parts of a dynamo-electric machine ap 
ir as heat. At the instant of ipplication of load is 
ning i previously idle machine il] Surtaces ile 
irally at air temperature and, the temperature dit 
rence being zero, the rate of heat dissipation is also 
ro. At that instant, all of the heat produced is stored 
he material of the motor, but this soon causes a ris 
surface temperatures and a consequent dissipation of 
it into the surrounding air. Assuming constant loss in 
machine, the rate of temperature elevation immedi 
ly begins to decrease because part ot the heat is now 
issing into the surrounding medium, leaving less to be 
red. The rate of heat dissipation therefore constant! 
reases while the rate of temperature elevation cor 
tantly decre ases. When the rate of heat dissipati mn 
ils the rate of heat production, the temperature b 
les stationary and we have a steady state condition 
rresponding to the ultimate temperature rise of the 
ichine for a given load. The mathematical 
us effect has been the subject of a number of we 


written papers and is not within the scope of this artic] 





: 10r iS seen at extreme left in this candid shot of a temperatut 
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ft « of the power circuit during the run and then 
mnected quickly at the shutdown. The armature po 
} ] 
tentia is obtained by. special points Ins¢ rted through 
openings in the motor end housing 
\ seven-man team is required for a successful shut 


These men need not be outstandingly experienced. 





It is not difficult to make a shutdown when everyone 
knows what to do ind does it. In the Railway Labora 
tory we first mak ip written schedules (see example 
below In this case, the athletic analogy that suggests 
tself is “skull practice but with the difference that 
: , ] 
ifter nemorizing their duties our eams don't fumble 
wl thev g on the tield 
Moar A” see t ull me re Stationed their respective 
( minute fore the time of shutdown Ile blows a 
hi ( t the 1 tant he trips the power and starts the stop 
te fegularly, e take the first millivoltmeter readings 
fort ‘ eC d fter the power is. tripped: occasionally, 
ft« irtyv second More har minute would be considered 
’ erformance, indicating ck of preparation and co-ordi 
t the est motor mu be stopped Quickly 
‘ t ‘ ! re points may be plied quickly. Th 
r el d. Unless there is some stror retard 


























! St | ever. Most of the temperature runs ir 
| bor \ ire I aie ith the test motor cor 
ve dvnamometer Lhe feed its output into a 
CK W hi r po eT S ret ved trom the test I t 
ion beg immediately but the rate of retardation 
CTeCASE the dvnamometer oltag t | off due to « 
CEE The dy mometer mit equipment include 
roller for operat et tT contactors whic 
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sistance in series with the dvnamometer field \s soor 


power 1s tripped, Man “A” notches up this controller and 
resulting increase in dynamometer field strength quickly 
the ‘ 
more in detail below) the dyn unometer was used as 
the 


igainst 


machine to rest. In one particular series of tests (descri 


dri 


motor to supply rotational losses of two machines, 


were loaded each other. In this case a special cl 


over was provided in the dynamometer supply line wherel 
quickly loaded the 


stopped dynamically This matter of sto 


could be into a resistor and macl 


Quick! pping 
; I 
test motor quickly Is quite obvious, but easily overlookec 


TEMPERATURE TESTS OF THE +27 RAILWAY MOTOR 


To bring out useful points, reference will now be n 
to a recent comprehensive series of 


the No. 427 


single phase 


temperature tests 


Railway Motor. This motor is of the 


commutator type 


tw 


and has a rating of 7 
h-p. for the twin motor. While the horsepowe r capac 


of the laboratory dy namometer would be ade quate to lo 
the twin motor, its torque rating is considerably too | 
the double 


through gear to the 


the dynamometer. On the 


to handle output of the motor when drivit 


reduction J ick shaft and thence: 
other hand, if a single mot 
of the twin were coupled direct 
thre 
would not be 
the 
couple the dynamometer to the 
both 


ind the dvnamometer 


to the dynamometer. 


other motor being idle, heat distribution in the mo 
was decided to lo 
the 


jackshaft. In this w 


is a whole, normal. It 


one motor against other, through gearing, a 


machines of the twin motor are normally load 


merely acts as a d-e driving mot 


to supply rotational losses There was no parti 


reason for selecting the dvnamometer for this drive. 


cept that it was located conveniently and other tests 


volving its use as a dvnamometer, with the s 


test motor, were conte mplate d 

The diagram of connections of both the test 
ind the driving motor, with its exciter, is shown in | 
1. Since the two armatures are rotating in the sam 
rection and ¢ irr the same current, if one 


with re spect to the other. it will become a generator I 
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nsating and interpole windings must also be re 
in order that they may perform their functions 
lv. Since the main or torque field of the generator 
w reversed with respect to its armature, the con 


t of inte rpole current, which IS necessary to n 


the transformer current in the = short-circuited 


coils. must also be reversed. 


This requires il 


Je shunt current lagging rather than leading the 
ole current and, to obtain this, resistance is added 
s with the interpole while reactance only is us 
shunt. The circuit as a whole is the san is that 
n feed-back connections ene rally. I] voltag 


the motor is obtained from DD. to / with the 
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Fig. 2 


With the reversing switch up and clockwise rotation, 


otor voltage cannot be read directly. Throwing the r 


rsing switch and not reversing the driving motor in 
rchanges motor and generator. The only instruments 
essarv in the generator circuit are the ammeters in 


the interpole and interpole shunt circuit for obtaining 


the correct distribution of current in those circuits 


The dynamometer ind its associated equipment are pern 
ent equipment in the laboratory most of the connections 
own in the left-hand part of the diagram not being test 
nnections. The shutdown control switches in the ipper lett 
ind corner are so arranged that the stopping resistors can be 
onnected across the 250-volt supply line only after the break 


been tripped 


CALCULATION OF SHUTDOWN TEMPERATURES 
Che determination of the temperature rise at the in 
tant of shutdown involves the caleulation of the re 
sistance of the various windings at that time and fron 
values of resistance the temperature can be ‘leu 
ted by the well-known law of resistance variation with 


perature. In practice it is not necessary to use actual 


millivolt drops at sl 


i 


esistance values because, if the 


wn and when cold are measured with the same instru 
ind with identical circulating current. the read 


the 


are 


nts 


igs appear only as ratios in caleulation and can 


ised as re id. The re ading's plotted against ti 


curve extrapolate 1 back to time zero. Obviously. 


ot the ] 


INVOLVES 
iding Im a minimum 


ecuracy method obtaining the 


time. A sample ¢ ind calcula 


Irve 


m is shown in Fig. 2. This curve covers the arn 


m one of the tests ce S¢ rile d ibove Wh l the rise it 
zero is the desired result, it is good practice 
rd the rise for several other times as well. The curves 


all 


’ : 
place d on one curve sheet 


. : 
d ealeulations for parts of the motor « 
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Creates permanent time rec- 
ord on a waxed chart. Accu- 
rately records rate of produc- 
time and duration of 
stops, total quantity produced. 
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PHEORY 


the various definitions of hardness. the one 


ites that hardness is the resistance to permanent 
tion implies a definite relation between hardness 
elastic properties of a body, particul irly hie 
mits of a body. In Fig. 26, April 1937 article. 
shown that the Brinell numbers were directly pro 
to the tensile strengths of a series of carbon 
v steels. This simple relation does not hold for 
terials because other factors, such as creep, enter 
ture. It was natural, therefore, that many at 
s would be made to work out these relations in 


t| method and employ the method for hardness 


re are two distinct kinds of elastici \ I elas 


if volume and (b) elasticity of form. 
{ substance possesses volume elasticity if 1 
to return to its original volume after being com 
sed by the application of a pressure, 7. e., the atoms, 
cules or particle S composing the body tend to main 
fixed distances between one another and resist any 
pt to increase or decrease these distances. Com 
ssing a gas or a liquid Is an illustration ot this UV} 
isticity. Change in volume of solids may be produced 
ipplying hydrostatic pressure to the body. This pro 
s uniform pressure all over and normal to the sur 

of thre body. 

A substance has elasticity of form, or of rigidity. 
atoms, molecules or particles composing the body 
1 to maintain a fixed configuration, and resist any at 
pt to produce a slipping motion between these con 
ent particles. Thus, if a large book like a dictionary 
twisted or sheared, so that the pages slide over each 
er, as in Fig 


= 


163b, it is spoken of as a form distor 
[wisting a rod or wire does the same thing to the 
icles composing the rod or wire. See Fig. 164. In 
general, the elasticity of a body is the ability of that 
div to recover its original form or shape after having 
n distorted. Popularly, rubber is thought of as being 
exee ptionally elastic body. The degree of elastic ity 
t body is measured by its ability to return to its for 
shape once it has been distorted. Rubber is noto 
isly bad about returning completely to its previous 
ndition. 
In either of the two kinds of elasticity, a substance 
said to be pe rfectly elastic if. it always requires the 


force to produce the same displacement. Thus a 


Ss shows pe rfect volume elasticity at constant tempera 





g- 163. By applying a force F to the upper cover of the dic- 
onary the form of the book is changed from a to b. 








astic Properties as a measure of Hardness 
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bodies ipproach vertect elasticity his . notioa 
owever. as will be shown later on, 


HoOonhkK s LAW 


In 1676 Hooke announced a law concerning 
tions betwe I thre displacen nts o7 distort TES roduc il 
ind the fore prod Ing At rearran nen tt } 
ticles in the substance Asa tor ‘. Hlooke's “ 
be st ited in the roOlLlowmMg eq itior 
Stress 
i mistant, within basty { 
straim 
hie vreater th stress necessary to ¢ ill Porth 1 IVE! 
strain, the greater will be the elasticity of t body. TU] 


law propounded by Hooke is ipplic ible » Doth kK 1 
of elasticity, volume and form, and in each case the cor 
stant becomes either the modu IS Of Volume elastire 
the modulus of form lasticity 

a The modulus of volume elastic It + I eq nt 
referred to as the bulk modulus or the volum od 
It Is that Constant mn Hooke s law which GIVES Ul Via 
of the ratio between the stress and the strain in \ 
distortion This an rd thus measures ¢t ravi between 
pressure which changes the distances between part 
cles and the resulting change in volume pr init 1 
The chang Ss a Volume Change Tt the substi 
cubis crvst il it remains a cube d ring the distort noIN 
chang in form occurs. ‘| restormg Tore “ rn 
ti lmnaits tilled torth by prea ss King 
their former distances apart is just equal and opp 
directed to t extern for \“ 1 i i t } 
nto bein 

Hook ‘ iW VW })}) | to 


I” the originar Votun ind the chant mY 4 
occurred 


ti rred to as the coefhcient of rig IV. nod | I rigid 


or the she iring modul IS. lt is that constant n Hool 
law which gives the value of the ratio betw | 
Ing stress and the shearing strain, or the ratio betwe 
the force per unit area which gives rise to tl ny 
distortion and the angle of shear produced any 
cubic ervstal is sheared from a cube over int { 
like that shown in Fig. 164a,. it offers a resistance t 
distortion. This restoring force is just equal to and op 
positely directed to the external force which ca | 
the distortion. When a shearing stress is applied t 

} + + ‘ 


body. the constituent particles slide over 
the form is changed. See Figs. 163 and 16+. If 
nodulus of rigidity, in expression To! hie sal TH sal 


hye obt iimed mn thre following theoretic il WwW \ | it CK 


} y , , yor 
abcd-a b”  - | ig. 


} 


l64a, be sie ired to t rig Dy 


force F so that the original face whose edge 
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Fig. 164. (a) In shearing the = _ 
over into the 


bcd 


the same relative motion between 


cube abcd-abca 


rhombohedron = abcd-a 


[ i re 
the atoms ensues as there does me - } 
when the tube in (+4) is twisted. = 1? > B 

; oe b a} 4 
Consider in (4) the section abcd > d 
a . 
abcd betore and the section ce 
’ 
abcd-a b a after twisting 
(shearing ) 
v 
2 i ¢ 
Fr ied é 
- 
a! a { es 
wf T 7] 
c a 
Ae 
v jZ 
a 
! 
c a 
.é 
ry z 4 
cA A { 
: “aii 6 LY 
~ JY da 
¢c 
, ” oe” 
into the position a A counter force / must act on 
the bottom of the blo« kK, thus producing a couple. The 


particles of one laver of the block will resist sliding over 


the partie les of an idjacent laver if elasticity of form is 


presen 


Rigidity Modulus (a constant 
Shearing force per unit area 


Displacement per unit distance 


n shearing surfaces 


| ore Ar i I | / 


hetwe 


Disp icement Distance s/D {4 


where irea of surface sheared, s distance it 
, 

noves when 1) CC distances between lavers. ) DD 

§ for small angles 


In practice this is worked out by twisting rods hrough 
Init isured angles. | et h , | ig 16-4, repre sent i thin 


: i 
walled tube. one end of which has been twisted throu 


in angle @ radians with respect to the other end. Kach 
small section <¢ bed in b corresponds to the irea abcd 
in (a When the tube is twisted, the layer Ub’ c'd’ is 
sheared around over adjacent layers just as a’b’e’d’ was 
sheared over its neighboring layers in (a Let the tota 


ag A a 
irea of the end of the tube equal A, where a bed. is 
only 1 section of the same If f is the force ipplied to 
me surftac cd’ then / Sf, will be the total tore 
ipplied to the surface .1 in twisting the tube through an 
] } +} . . “i 
ny i Wi ive ihe SCLTLt HeaniInge Aas I! 
: ; 
In twisting the rod through an angle 
S not sv i sul 4, but inasmuch as 4 may b 
: 
X11) . ! — ) < “ ricl S CASITIV l } | tT ty 
il yrob Su) ”) 
‘ R 
d in Fig. 164 
' . -_ 
nd 1—2pnri 
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where ¢ is the thickness of the wall of the tubs: 
r the average radius and / the length. Substitutiy 
ilues in the las equation for n, 


I 
Yoar-tad 
[hae torque hy 
placed by a small 


is shown in Fi 


ipplied to twisting the tube may 


force acting at a greater arms 
rorce | Is ippl 

in arimn’s length equal to the diameter of the wh 

ind Fr=—Wh 

or F Whior 


The value of n may 


r. 165 where the 


‘ 


now be written, 
Whl mghl 
n 
2arr'td Zar th 


where JI mg, the weight of the mass m. 


In the case of a solid rod it may be considered 


series of concentric tubes, to each one of which this 


equation for x applies with its corresponding value 
If one sums up the values of » for all of the tubes w 


comprise a solid rod one will obtain the value of n 


the rod in which the radius of the rod may be taken a 


tube S ZIves 


Integrating n for all of the 


2 Whi (fdr kk 


If YM i h © the 


moment of torsion, 


2A gt 
s]* 


The interpretation of this equation says that m, nun 


ically, is the torque necessary to twist a rod of 


length and of unit radius through an angle of one rad 


al 


PRACTICAI APPLICATION Ol Pitt FOREGOING EQUATIO 


The last equation derived for the value of n may n 
be put to the experimental test by means of the appara 
gy, 165. An old lathe bed has both its 
ind tail stocks left on it. Into the 
ball-bearing axle to 


11 
with a shallow 


shown in Fi 
chuck of the head st 
is fastened a which is attached 
iluminum wheel groove in its edg 
By rit 
end of the rod is secur 
end of the rod 
the t 


rod is attached a small 


The wheel can turn with ne friction 
SCTCW Ss. One 


whet | The 


i three jawed chuck 


he iv\ St 
ittuched to the other 
fastened in fastened in 


stock Ne es 


A brass frame 


1 


ich end Ot thre 


ind held on the rod by three shar 








for measuring the coefficient of rig 


A torsion lathe 
twist of the 


big. 165. 
ity of metal rods. The 
flections of two beams of light, one from the mirror Mj, a 
the other from the mirror, M 


obviated. / 


Errors due to slippage 1n 


chucks are thus radius of wheel 


weights W work. S is a set screw by which one end of the t 


is securely attached to the wheel. 


rod is measured by the d 


¢} 


over whi 





1¢ 
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li 
Reconditioned Johansson Gage Blocks have been returned to owner in about two weeks if the blocks 
available in sizes 5-inch and larger. Now, by a new, are not too badly worn to be reconditioned. Blocks 
exclusive process, they can be reconditioned also may be reconditioned a second and third time. 
in sizes 2, 3 and 4-inch. A degree of accuracy equal This new Johansson achievement greatly reduces 
to that of new blocks is guaranteed. Recondition- replacement expenses. Only Johansson offers this 
ing practically doubles the life of the blocks. The saving. It is a fact to bear in mind when buying 
cost is only 50% of the cost of a new block—25% gage blocks. For complete information, including 
of new-block cost for blocks 5 inches or larger. Johansson Prices, on Johansson Gage Blocks and Acces- 
The usual 20 cents an inch inspection charge -4S84CY_ sories, fill out and mail the coupon at the top 
will be made. Reconditioned blocks will be * , of this advertisement. 
; | 0 
a 
IT’S THE “Sucker WHO PAYS AND PAYS! -: 
= | 
' The “sucker” is the man who chisels the price down and expects to get more than he pays fo1 
IT JUST CAN’T BE DONE. 
The quality of PALMER thermometers is never sacrificed and when you buy a PALMER 
thermometer, you know that it has been properly annealed so that it will not change with age 
or use. (Annealing is something you cannot see.) 
SO YOU CAN’T GO WRONG WITH PALMER 
: é : > <«, 
“‘Red-Reading-Mercury” Quality Thermometers.  { | 
A PALMER Thermometer with the selected wide RED col . | 
umn means less chances of error and quicker reading of 
temperature. (It’s pure mercury with reflected RED COLOR) 4 
Note Red-Reading-Me fu he ew the t - <= 
REPAIRS to all n PALMER r | 
| LJ 
(Send for Catalog No, 300-B) 
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THE PALMER COMPANY | 
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pointed set screws. The expr rimental length of the rod 
5 actually from. the points of the set screws of 


VF to those of the other M.. 


In the shallow groove in the edge of the wheel is laid 
cord which may be wrapped once around the wheel 
On each end ot thre cord Is attached 1 SCALE pan mn which 
0 place weights. By adding weights first to on 
pan and then to the other. a twist may be imposed on 


+} 


i rod which is either clockwise or anti-clockwist Fron 
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elements ir termperature-and-pressure-control 
i for liquid or gas seals of compressors 
ips. We are specialists in the design and 
productior »mplete thermostatic and pressure 
controls. We are, therefore, prepared to extend 
the fullest co-operation to engineering depart- 
ments of control manu- 
facturers in the solution 
»f design and engineering 
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